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Docket: 0756-1950 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
In re DIVISIONAL Application of 
Shunpei YAMAZAKI et al. 
Based On Serial No. 08/912,298 
Which Was Filed: July 31, 1997 
For: ELECTRO-OPTICAL DEVICE AND 
METHOD FOR DRIVING THE 

SAME ^ Date: April 7, 1999 



Art Unit: 2871 
Examiner: J. Dudek 



PRELIMINARY AMENDMENT 

Honorable Assistant Commissioner for Patents 
Washington, D.C. 20231 



Sir: 



Please preliminarily amend the subject application as follows: 



IN THE SPECIFICATION: 



Before the first sentence of the specification, insert -This application 
is a Divisional application of Serial No. 08/912,298, filed July 3 1 1997; which 
itself is a Continuation of Serial No. 08/634,382, filed April 18, 1996, now 
abandoned; which is a Divisional of Serial No. 08/153,080, filed November 16, 
1993, now U.S. Patent No. 5,568,288; which is a Divisional of Serial No. 
07/857,597, filed March 25, 1992, now U.S. Patent No. 5,287,205.-- 
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REMARKS 



This application has been amended to include the continuing application 
data thereof. 

Examination on the merits is requested. 

Respectfully submitted, 

..^—^ ^ 

Eric J. Robinson 
Registration No. 38,285 

8180 Greensboro Drive, Suite 800 
McLean, Virginia 22102 
(703) 790-9110 



Docket: 0756-1950 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



In re DIVISIONAL Application of ) 

Shunpei YAMAZAKI et d. ) 

Based On Serial No. 08/912,298 ) Art Unit: 2871 

Which Was Filed: July 31, 1997 ) Examiner: J. Dudek 

For: ELECTRO-OPTICAL DEVICE AND ) 

METHOD FOR DRIVING THE ) 

SAME ) Date: 



NOTICE OF CHANGE OF ADDRESS 

Honorable Assistant Commissioner for Patents 

Washington, D.C. 20231 

Sir: 

Effective immediately, please note that the address of the attorney (s) of record 
in the above-referenced application has been changed. Please direct all future 
correspondence to: 
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McLean, Virginia 22102 

Telephone (703) 790-9110 

Respectfully submitted, 



.^-^ ^ 

Eric J. Robinson 
Registration No. 38,285 

Sixbey, Friedman, Leedom & Ferguson, P.C. 
8180 Greensboro Drive, Suite 800 
McLean, Virginia 22102 
(703) 790-9110 



TTT^E QF rag lyVTOTlOK 

ELECtHO-OPTICAL DEVICE ANC METHOD ?0R DXlVlNa THE SAME 



BACK3R0UNP QF THS INVSNTIQH 

1, Field of tho XnT^jxtlcn 

TUft present IttTentlon r«lat«« to an olaetro-optlcal daTico, 
e.g. to an «otiv© liquid crystal electro-optical davica, in 
particular, to a device provided with two complementary thin film 
insulated gate fiold effact transistors (hereinafter referred to 
aa c/TJTs) having a structure cf modified transfer gate KTG). 

Also, the present invention relates to a oethcd for driving 
an active electro-optioai device, in particular, to a method for 
driving an active eleotro-opticai device with clear gradation' 
leval in a digital mode- 

2. Description of the Prior Art 

An active liquid crystal electro-optical deviofi utilizing 
TFT Is conventionally know* in this device, an amorphous or 
polycrystallina semiconductor is used for TFT, while either one 
of conductive type alone is used for each picture element 
thereof. Namely, an N-channel TyT< referred to . as NTFT)- is 
generally linked to the picture el©an«nt in series. 

Since the dielectric constant in a direction parallel to a 
molosular axis of the liq.uid crystal ccciposition provided between 
substrates is different from that in a direction perpendicular 
thereto due to the material property thereof, arrangamant of the 
ccmpoBltion can easily bo made in both directions, hcrizontelly- 
cr vertically, to the outside electric field. By utilizing the 
anisotropy of dielectric constant, the aniount of transmitted 
light or of dispersion thereof is controlled in a liquid crystal 
electro-optical device, so as to perform ON/orr display. 

Pig, a shows an elsctrc-optlc property of nematio liquid 
crystal, wnen the applied voltage ifi «mall, wnich is indicated by 
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Vai cr & potn^ A. the amount of troacmirted light Is approximately 
OX, And ft.t Vh or point b, It Is approximately iO%, while at Vc or 
point C. It IB approximately 70«, and at Vd or point it 
omounta to approximately 100«. Therefore, when the points A and D 
alone are used, two-graded display in black-and-white is 
possible, while, when the points B. c, or the points where 
electro-optical property ( transnittanoo) rises in Fi^.z; are 
used, th- display of intermediate gradation is possible, 

Ab for the conrentianal electro-optical device urilizlng 
T?Ts» gradation display wae performed by varying the voltage 
applied to a gate or the T?? or that applied between cocree and 
flraln thereof* and controlling the voltage in an analogue mode. 

Concerning the conventional method of gradation display in 
the 'electro-optical device utilizing TPT, an explanation will be 
made: an K-channel thin film transistor used for the conventional 
electro-*cptical device has the voltaga-cux-rent characteristic as 
ehown in Fig. 3, which shows the voltage-current characterietic of 
the N-channel thin film transistor utilizing aniQrphous silicon, 
and of that utilizing poly-silicon. 

By ocnt^^ollxng the voltase applied to a gate electrode of 
the rhin film transtiator having snch characteristic in an 
analogue mode, drain current can be controlled and therefore 
strength of the electric field to be applied to the. liquid 
crystal can be varied, whereby gradation display is possible* 

in the case of an electro-optical device having picture 
elements of, for example, 643 x 400 dots, however, it is 
difficult to manufacture all 256,000 T?T3 without variation In 
eharacterlstica tSereof. It is thsughc that IS gradation levels 
are limit of tho number of gradation levels of suoh electro- 
optical device having S40 x 400 picture elements in order to 
achieve productivity and yield required for practical process, 

A gradation display may be performed by predeterisiining the 
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v«.Vj« of gato voltaga, whila eentrolilng only tue * tumln£ of 
ON/OFF by Eate Toltage, and by Y^i&bly oottt rolling «ouroo or 
drain voLtagQ* In this caso, howavor^ about 18 gradation lavala 

are considered to be a limit, based on the fact that tlie 
cKaracteristio are tmstable* In an analogue mode of tho gradation 
display control, clear display was difficult due to variation in 
characteristics of TFT, 

Anccner metliod of gradation display using multiple frames is 
suggested. As shown in the outline indicated in Fig- 11, when a 
gradation display Is to be performed usin£» for exaiRple 10 
frames, by shaking two frames out of ten traaspeirent , while the 
remainder of eight rramas nontransparent, average zo% of 
transparency can be displayed at picture element A. A picttirc 
-©lement 3 displays 70% of transparancy on an average in the aasne 
manner, while a picture element C 5 OX of transparency on an 
average* 

When such a display is carried out, however, since the 
number of frame is practically reduced thereby, flickering antl 
oisplay failure were gansrated. To solve the problem, the 
increasing of fraaic fraqucnoy, or tiio li3co, ia sugg«stod, 
whereas, tue increase in power to be consumed in accordance with 
the increase in driving frequency, as well as the difficulty in 
th* achievement of higher operation speed IC, indicated a limit 
cf this method. 

BRXEr SUMMARY QF THB INVSyTTIOS 

An object of ths present invention X3 zo provide a ,-net.hod of 
cor:ipensatin2 the Tariation in characteristics of TFT by inputting 
a reference signal repeated in a certain cycle and having signal 
level which varies during duration of the reference signal, from 
a controller side, in order to clarify the level of applied 
voltage » and by controilins the tinie of connecting the reference 
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sl^al to th* TFT by diflt&l T&lue, and thQroby controlling th« 
voltiiao to bA applied to the TFT. namely, to Offer an elfictro* 
opuical d«vice by using complsnientary thin film transistors 
(C/TFTs) taving a structure of mcdifled transfer gate (mtg) that 
performs digital gradation display. 

Tfco method is enaraererlzed In displaying gradation in an 
electro-optical device using a display drire method that has a 
display timing in ralarion to a time ? tar writing ona picture 
plane and a time Ct5 for writing in one picture plane, vithout 
changing th« time P, by applying a rofaranca signal that has 
voltage variation in a cycle that is eaual to the time (t) to one 
of the signal lines that are used for drive and selection of a 
picture element, as well as a selection signal at a certain 
tilling within the time <t), to the other signal line, thereby 
dfitcrmining the voltage to oe applied to a liquid earystal, and 
thereby actually applying the vcltage tc the piotiare element* 

In addition, tha aethod is also ^maraeterlzad in high speed 
control without being limited by several teas of KHa that was a 
limit of data transfer speed for a conventional CMOS, since the 
timing is not dependent upon the transfer of the data, but" is 
processed at a part for signal process, with a high speed elect 
being added to a driver IC itself that is put on the electro- 
optical device. 

Fig. 1 shows a concrete drive waveform for driving the 
electro-optical device in accordance with the present invention. 
ThQ «laetro-optical device has a circuit, ccnriguratlon equivalent 
to a circuit diagram having a 2 x 2 matrix form shown in Fig, 4, 
Karoin used is a half vavo of a sine wave, as the reference 
signal wavsforni cf varied voltage in a certain period of time as 
described supra. Sine waves 30S, 310 are applied to Vj^jjj^303, 
VpQ23C4 ttat fall in a direction or a scanning line, while two- 
polarity (hereinafter referred to as bipolar) eignalg are applied 
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to Vqq^soi, Vqq^^os that fall In a direction of Infornatlon liaa. 
Digital control is carried out by a tistin^ of applying the 
bipolar signals. 

Namely I tha asoxmt of charge to be accinsittlatdd at the point 
A as well a.s alactric patfinrial at the point A are determined by 
changing the timing for selecting the signal of varied roltage in 
a oortain poriod of timo, as shown in 309 ana 3X0, ana riie size 
of the electric field to be applied to the picture element as 
well as to tho liquid crystal is datermitiod by dofining a eartain 
value for the electric potential 313 of a cotinter electrode^ 

The timing of applying the bipolar signal to gate signal' 
lines such as ^qqi^ ^qq2 determined by the transfer speed 

of the information signal, but is regulated by the reference 
clock input to rue arivar ic that is directly connected to the 
electro-optical device in the present invention. Kamely, in the 
oasa of an oloctro-cptlcai device of B40 x 400 dots, ' drive 
frequency is approximately 2CMH2 based on the limitation of CMOS, 
and, in order to calculato the number of gradation levels by 
utilizine this value, the drive frequency is to be indicated 
as a product of the number of scanning lines, the number of 
frames, the bipolar pulse, and the number of gradation levels, 
from Khich 20KHz is divided by (400 x 60 x 3), to obtain the 
numbor of gradation levels which Is 416, and it is needless to 
aray that a display having 832 gradation levels is possible by 
dividing the display eoroan into two. 

The present invention is characterised in perfcmin* 
gradation display in a digital mathod, instead of employing the 
CQn%'entional analogue method of gradation display. To obtain the 
effect, in the case of an electro-optical device having picture 
elements of 640 x 400 dots, it is very difficult to eliminate 
the variation in characteriatice for all the TS'Ts cf S5S,000, at 
the tine at ir.anuf act urine , and, practically. In consideration of 
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mass productioa and yialdi 19 gradation display la supposed to 
bft a limit, vharaas, tha jnathod of eompenaatlaj tiie variation in 
ciiaracterlstics of TrTs la emplojad in tbe prasant invention by 
inputting a rafaranco signal from a controller side^ in order to 
.clarify the level of applied voltase, and by controlling the 
timing of connecting tha rafsranca signal to TTT by digital 
value, and thus contrclling the voltase to be applied to TFT, 
which allows for clear digital gradation display. 

Also, clear digital gradation display Is possible without 
changing the number of frames for one picture plane, by defining 
two Iclnda of drive frequency, whereby the genera.tion of 
flickering concomitant with the decrease in the ntraber of frames 
can be prevented. 

For example, -arhen a gradation display i« performed in a 
normal analogue ncde for an electro-optical doviea, for vhich 
256,000 pairs of TFTs of 640 x 400 dcts are formed in SOOnm 
square, a 18-gradation display is an Mpp&r limit due to the 
variation in ttt characteristics of approximately iiox- in the 
case cf digital gradation display in accordance with the present 
in^'ontion, howover, since the variation in characteristics of TFT 
devices can be compensated, a 23e-sradation display is possible, 
and a various and subtle color display of as many as 18,777,216 
icinds of colors are possible thereby. When a software such as a 
television image is to be projected on the" eoraen, fcr example, 
the projection cf a **rocf scene of the sansa color requires 
subtle difference in colors due to the existence of slight 
recesses and the like thereon, and the i5-gradatlon display is 
not suitable far the display a? close zo the natural coloration 
ion ae poeeible, Hcu^ver, the subtle variation in tens can be 
displayed by the gradation display in accordance with the present 
invention. 



e 



B5ISy DESCRTPTTON QW TWr T^WX^lSnn 

The accosnpanyitis dr&wlne«, vbioh Aro Inoorporatsd i& and 
form a pjirt of tha invanrion and together with the description, 
serve to explain the principle of the invention* 

^ig* 1 ehows an example of a drive waveform in accordance 
with the present invention • 

Fig. 2 shavs an electric phcto-optlcal characteristic or the 
conventional electro-optical device. 

?ig«3 shows a current-voltago oharaotaristic of T?T in the 
case poly-slllcon and amorphous silicon are adopted as materials 
used for the TFT- 

Fig.x shows an example or a circuit of an active matrix 
electro-optical device applicable to the present invention, 
BUhjact to SL part of 2 x 2 matrix atrueture. 

Fijs,5 shows an example of a circuit of an active matrix 
electro-optical device applicable to the present invention, 
subject to a part of 2 x 2 matrix structure. 

Pig. 6 corresponding to Fig. 5 ahows tho arrangement of an 
active matrix electro-optical device applicable to the present 
invention. 

Pigs. 7 C A}, to (I) corresponding to the first preferred 
embodiment, show schematic cross sectional views indicating the 
manufacturing prooecs of the TFT applicable to the present 
invention. 

Fig. a and Fig* 8 show schematic structure of the display 
device applicable to the electro-optical device described in the 
present invention. 

Fig, 10 shova a system structure of a drive circuit for an 
electro-optical device applicable to the present invention, 

Fig-li shows a concept of gradation display in accordance 
with the ccnventional method. 

Fig. 12 shows the manufacturing process of farming a color 



7 



niter on the aubs^rat* of tha electro-optical devtoe. 

Figs 13 corratpondins to rnft third preferred eisbodlinent* 
snows the arrangement of an active matrix electro-optical derioe 
Applieablo to the proeont invention. 

Fiss.l4(A3 to (G) corresponding to the second preferred 
embodiment > show schematic cross sectional views indicating the 
manufacturing process of the T7T applicable to the present 
invention* 

yig.l5 ahowK aii example of a drive waveforni in accordance 
with the present invention, 

Tigris shows an example ot application I the electro-optical 
device* in accordance irith the present invention, to a view 
finder. 

Jig, 17 shows an example of the electro-optical device ih 
accordance with the present invention, of a front type projection 
television. 

rig. 18 Shows a schematic structure of the ©iQCtro-cptical 
device in accordance with the present Invention. 

Fig. 19 shovfs a systeni structure of a drive circuit of the 
electro-optical d«vic« applicable ro the present invention. 

Fig. 20 Shows an example of the application of the electro- 
optical device in aooordance with th« present invention, to a 
personal computer. 

Fig. 21 corresponding to the third -preferred embodiment, 
shows the arrangement or the active ^natrlx electro-optical device 
applicable to the present invention, 

Pigg.aa (A) to Caj corresponding to ths third preferred 
emtsodiment , show schematic cross sectional views indicating the 
mevnufaoturing proooec of the TFT applicahis to the present 
invention. 

Fig. 83 is a circuit diagram showing an - equivalent circuit in 
accordance wixh the present invention* 
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Preferred Embodiment 1 

in thi» «mbodi»snt , a wall t«levl«ion ia manufactured by 
using Hhe llnuld crystal diapW device Having tb© circuit 
structure as ahown in Fig- 5, wiiich will be described infra. The 
manufacturing process oi the ITl employed ia aji active davicQ of 
the electro-optical device is shown in Figs. 7 (A) through (I). 
Polycrystallina siliccn that is subjected to laser annealing 
process is used as a semiconductor material that rorms the t?T» 

The arrangement of the electrode, etc. of the actual 
electro-optical device corresponding to th* circuit structure la 
shown in Pig. 6, which shows only a part corresponding to 2 x S or 
leas thereof for simplification. The drive signal waveform that 
is actually used therefor is snown in rlg.i* which also shows the 
signal waYetorm of 2 x 2 matrix form for simplification. 

Referring to Pig* 7, the manuf acture of the liquid crystal 
par.«l used ia accordance with the preferred enbodimant 1 will be 
described. Referring to Fig-7{A), a silicon oxide film is 
manufactured to a thickness of 1000-3000 angstroms as a blocking 
layer 51, by magnetron RF (high frequency) sputtering, on the 
glass 60, which is not e:cp6nsive, and wnich endure the heat 
treatment cf not more tnan 700 'C, e.g. of approximately 600 "C, 
under the prcoess condition of oxygen 10055 atmosphere, deposition 
cemperatura of 15 'C, output of 400 to 800W, and the pressure of 
O.OPa. The deposition rate was SO to 100 an£Stroms/mihute When 
quartz or single crystalline silicon was used as a target* 

An intrinsic, or substantially intrinsic silicon 
film 52 was manufactured Oy plasma cvn thereupon. The deposition 
tsmparaturs ranged from a5C*C to 350 *Q, and it was 320 'c in 
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the preferred •mSocXlment l, using monQ-sll&ne (SiH^) aa % 
reactive gas* which oan be raplaoad with diailaaa {Si2Hg) or 
trleilxne (Sl3Kg}. Thaaa wera inrroduced In a PCVD derice, and 
deposition was carried out by applying high fraquaney powor of 
13.o5MHa undor th« prossuro of 3?a. T^ie suitable high frequency 
power Is 0.02 to O.lOV/cm^i whila 0.055W/cm^ was adopted in tho 
preferred embodiment 1. The flov at mnno-ailajie <SiH^) was 
205CCM, and the deposition rate at the time was approximately 
120 ar^atroms/minute . Boron can be added to the deposited xilis at 
a concentration of l x lO^^ to 1 x lO^^ca"^ using diborejio 
during the deposition, in order to oontrol the threshold voltage 
(Vtn) almost equal between PTFT and NT?T. Sputtering or low 
pressure CVD can be entployed instead of the plasma CVD for the 
deposition of th© silicon layer that will Be a cnannel reslon of 
TFT* and the methods will be described below in simplified 
manner. 

In the case of sputtering, the back pressure before 
sputtering was no more than 1 x 10"* Pa, and the sputtering was 
performed using a single crystalline silicon as a target, in the 
atnioflphere in whioh 20-60?9C of hydrogen was addod to argon: o.g. 
2034 of argon and SQSC of hydrogen^ The deposition teroperature was 
130* C, and the frequency was 13 ♦58MHz, while thd sputtering 
out,put was 4O0-8C0W, and the pressure was o*5Pa. in the case of 
low pressure CVD, deposition was carried out by supplying 
disilane <Si2Hg) or trifiilane (Si^H^a^ * device, at a 

tenperature of 450-550 *C, 100 to 200*C lower than that for 
crystallization, e.g. at 530 *C. The pressure inslds of the 
reactor was 3O-30C?a, while the deposition rate v?as 50-250 
ang 5 tronis /minute . 

Oxygen in the film formed In these manner Is preferably not 
mere than 5 x lo^-^a-^otna-cm"^ . It is preferred that the 

oxygon ooncontration Ise not mora rnan 7 x 10^^ atoms ♦cm"^. 
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desirably no more than 1 x lO-^^^a-tomi'dn"^, in crder to promote 
cryst&lUzation, hoTrcrer, If it is too low, current leakage under 
the CFF condition ot TTT is^ Increjujed duo to the illunlnetion of 
the tiaelc llEht or tha electro-optical device, *rhere«, if it ta 
too hlghf cryst&lliEfttion. beoomee difficult , and thus laser 
annealing temperature must be Increased or the laser annealing ■ 
time must be prolonged. The conoentration of hydrogen wae d x 
IC^^atoms^cm"^, and is one atC2t56 compared to the silicon supposed 
to he 4 X lO^^atoms^cm"^, 

The oxygen concentration can ise not more than 7 x 
lO^^atoms^cm"^ or desirably no more than 1 x 10-^^ atoms •cm^^, so 
as to promote oryetallization with regard to eource or drain and 
oxygen can be added only to the channel forjnins region of the TFT 
that forms pixel, at ccnooatrat ions of 5 x 10^^ to 5 x 
10^^ atoms •cm"^ hy ion Implantation. 

A silicon film an amorphous condition was formed at 500 to 
5000 angstroms in the above-mentioned Banner, and at 1000 
aji£stroFiS in the preferred embodiment 1. 

Referring to Fig. 7 (B) , a photoresist pattern 53 is formed 
with openings forjned only on the source and drain regions in the 
photoresist pattern using a mask PI. A silicon rilm 54 was 
majiiif actured thereon^ which is to be an n-type actiratlon layer, 
by plasma CVD, at the deposition temperature of 2S0'C to 350*C, 
e;g. 320 'C in the preferred embodiment 1, using mono-silane 
CSIH^) and Z% concentration of phcaphine (PH^) of mono-silane 
bass. These wore introduced in the FCVD device at a pressure of 
5?a, and the deposition was carried out by applying a high 
frequency power of 13.56MHz, The suitable nigh frequency power is 
0-05-0.2CV</cm^, and it was O.lSOV/cm^ in the preferred embodiment 
1» 

The electric conductivity cf the n-type silicon layer formed 
in the above-mentioned manner was approximately 2 x iC~^C (Q'cm)**^] 
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while tha film thickness was 50 ^n^stroiBS. The resist 03 v&a 
xhen remoTed by lift-off method, ao as to form soiircft» drain 
resioAs 55 i 56 « 

A p-type fill icon semiconductor layer vas formed uiing the 
same process. Hono-ailane (SiH^) and S% concentration of 
diborarxe(B2Hg) of inono*8llane tase were used as the introduction 
gas. These were introduced in the FCVD doTioa at a prassure of 
4Pa, and deposition was carried out hy applying a high frequency 
powar or l3*06hKz, The suitable high frequency power is*0«OB to 
O*acw/om^, and 0,120W/cjn^ was adopted in the preferred emhodiment 
1, The electric conductiTity of the p-typo ailicon layer formed 
in this manner vas apprcximatoly 5 x IQ"*^ £ (Q»cni)""^3 » while the 
film thicknaas was 50 anestroms. Source, drain regions 59, 60, 
were fornied by using the lift-off method in the same manner as 
the n-type region. The silicon rilm 52 was then etched off, using 
a mask P3, and an island region 53 for K-channol thin film 
traneiator as well ac an island region 64 ror F channel thin film 
transistor ware formed. 

The source, drain and channel regions ware laser-annealed 
using XeCl oKoimer laser, while a laser doplne was carried outT to 
tlie activation layer. As for the laser energy at tho tima, a 
threshold energy was 130mJ/ca^, whereas 220mJ/cm^ was required 
so as to melt the entire film thickness. When the energy of no 
less than 220mJ/cm* is irreuiiated from the start, hydrogen 
included in the film is abruptly ejected, whereby the film is 
damaged. ?cr that reason, melting has to bo oarriad out after the 
hydrogen is primarily purged at a low energy. In the preferred 
embodiment 1- after the hydrogen was at first purged at 
150inJ/cm^, crystallization vas carried cut at 23CxnJ/cm^* 

By the annealing I the silicon film is transformed from an 
aTnorphous struoture to tho state of higher order, with a' part 
thereof being crystallized. In particular, a relatively higher 
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order region of tba silicon coatiftd rii2s rends to be cryatalllx«d 
into a crratalllne r«cion by the aniic«iling. Howavor, «ilicoa 
atoms ore pullsd vith each other since tionde &ro forced between 
ssuch regions by silicon atoma existing therebetveen* Laser JZemM 
Spectroscopy rcaulte shsw a peak shifted to the frequency 
low&r than the single crystalline silicon peak Of 322cmr^. The 
apparent grain dianseter was calculated 50 to 500 A, based on a 
half band width, nowever, in fact, the film comprises a lot of 
high crystalline- regions which constitute a cluster structure, 
and clusters are anchored to each other in the film by bonds 
between silicon atoms. 

As a racult, it can be said that substantially no Eraln 
boundary (hereinafter reterred to as GB) exists in the film- 
Since carriers can easily tnove betwean the respective clusters » 
through the anchored portions, a carrier mobility higher than 
that of a poly-crystalline silicon in which a GB obriously 
exists, is achieved. Namely, Hall mobility (ph) of 10- 
200c3n2/Ysec, electron mobility (tih) of 15-300cjn^ /VSec can be 
obtained. 

A silicon cxide film was formed as a gate insulating film 
thereon in the thickness ranging from 500 to 2oaoA, e.g.. at 
lOOOA, under the same condition as that for the manufacturing of 
the silicon oxide film as a blocking layer. At the time of 
forming the film, a small amount of fluorine may be added 
thereto, so as to stabilize sodium ion. 

Further, on the upper surface thereof, a silicon fil^^i doped 
with phosphorus at 1 to 5 x lO^^atoms^cm"^ , or a. multi-layered 
film comprifiing this silicon film and molybdenum <Mo) , tungsten 
;W) , MOSig or WSlg film formed thereupon, was formed, which was 
then subjected to a patterning process using a fourth PhOtOJnask 
PA, and the structure shovm in Fig. 7(E) vas thereby obtained* A 
gate electrode 6S for NTFT; as vdll as a gate eleetrcde 67 for 
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r r. 

^ZTT wfir« formed: a channel l«njcth 7yan; and as a sat» 

• lectroda F-doped Si of 0«2t}iia on which mlybddzxum vas fornwd at 

In the case aliuninum (Al) is uaad as a gata alactrodo 
aatorial, aftor patterning the gate electrode material by a 
fourth photomask 89, anodic oxidation can -be applied to the 
surface thereof. In this case, a self -aligning process can be 
employed, thereby the contact hole of a sovirce and drain oan bo 
formed closer to the S^'^^f «d tns TTT characteristic can be 
further improved thereby, due to the improved mobility ae well aa 
the reduction in threshold voltage. 

In this way, C/TFT can be manufactured iflthout elevating the 
teraperature not less than 400 'c, in every process. Therefore » It 
is not necessary to usa an expensive material such as quartz for 
the substrate, and it can be said that this is a most suitable 
process for manufacturing the vlde-scresn liquid crystal display 
device in accordanoe vith the present invention • 

Referring to Pig.TCFJ, an inter-laysr 'insulating -material 
was sputteredL, so as to form a silicon oxide filnii in the manner 
desoribod eupra. The ailieon oxide Xllm can he formea t)y LFCVD, 
pfcLoto-CVD, or by a^jnospheric pressure CVD. at a thickness of, for 
example, 0.2 tc O.eiun, and thereafter, an opening 7S for 
©lectroda was formed using a fifth photomask P5, In addition, 
after • aluminum was formed by sputtering at- a thickness of O.ajun 
thereupozif while a lead 74 as well as contacts 73, 75 were 
manufactured using a sixth photomask PS, an organic reein 77 for 
flattening, for ^xacipie, a translucent pciyiniis r'esin was 
applied -to and fanned on the surface, and an opening for 
electrode was fcrniod again hy a seventii pnoromask P7. An ITO 
(Indium tin oxide) was formed cn the surface thereof, at a 
thickness of O.ljan by sputtering, and a picture element electrode 
71 was formed using an eighth photomask P3, The ITO was formed at 



14 



a temper&ture ranging from room t«.iip«r«.tura to 150 *C| and vu 
subjoctod to annaallne process &t 200-400 *C in oxysen or 
atmosplaer*. 

The tlBctric cliaract«ri§tic5 or f-tit Wus oDtalnea were: 
mobility of 40Ccin^ Asec), Vth of -S*9{V), vhile tbcae of KTFT 
were: mobility of SO{cm^/Vsoc) , and vth ct 5.0<V). 

la this manner, one substrate for tUe electro-optioal derioe 
manufactured in accordanca witii tfia present inyention, was 
obtained. 

The wirings of the electrodo, ©to., of the liquid crystal 
display device are shown in ?ig. jS. An N-channel thin film 
transistor and a P-channel thin film transistor are provided on 
the intersection of a first sigzial line 3 and a second signal 
line 4, whereby the device has a matrix atructura with the use of 
a jnodified TQ typo C/TFT, TFT 13 1 cannectec to the second signal 
line 4 through a contact of an input terminal of a drain 10, . 
while a gate & is connected to the rirst ai£nal line 3, The 
autput terminal of a source 12 is connected to an electrode 17 of 
the picture element through a contact. 

On the other hand, regarding PT?T 22, the inpnt terminal of 
a drain 20 is connected to the second signal line 4 through a 
contact, while a gate 21 is connected to the signal line 3, and 
the output terminal of a source IS, to the picture element 

m 

electrode 17 through a contact, in the same manner as KTFT, By 
repea'tlns such a structure horizontally and vertically, the 
liquid crystal display device having picture elements as many as 
540 X 450, 1230 X 350, or 1820 X 400 in this embodiment, can be 
obtained. 

In this way, a first substrate of a pair of substrates was 
obtained • 

The manufacturing method or the other, or a second substrate 
15 shewn in Pig. 12. A striped color filter is provided on the 
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aubstrate oorr^sponding to aach pictur* alftiaent. The polyinide 
ras in mixed with black pigment vai forioed on a glass substrate st 
a thickness of IpOi by spin coating, and a black stripe ai was 

formed using a ninth photcmask P9. Then, the polyimide resin 
mixed vith a red pigment was formed at liun by spln-ccaring, and a 
rea filter 83 was formed using a tenth photomask Pio. A green 
filter B5 and a blue filtor dS were formed Is. the sama manner, 
using masses Pll, Pi2. Each filter vas baked in nitrogen for sixty 
ninutes. at a temperature of 350 'c dxxring the manufacture 
thereof* A leveling layer S3 was then manufactured using 
transparent polyimide. again by spin coating. 

An ITO (indium tin oxide) was then forinea on the entire 
niter at a thlcicnesH of C.lpjn by sputtering, and a oommon 
electrode SO vae fcrmad using a fifth puotomastk F13. The 1X0 was 
fcraiea at a temperature ranging from room temperature to 150 '0/ 
and was subjected to tho anngaling proeoss at SQO to30O 'c In 
oxys«n or atraosphare, so as to obtain a color filter layer and 
the electrode 90 on the second substrata. 

A polyimid© procursor was printed on the substrate by an 
offset method, was baked in a non-oxidating atmosphere « e.g^ in 
nitrogen, for an hour, at a temperature ot 350 'c, and was 
subjected to a Icnown rubbing method, whereby the sAirfao© 
condition of the polyimide was changed, and a means to allow for 
a liquid crystal molecule to be oriented in a certain direction 
at least in the initial stage was provided . 

The nMiatlc liquia crystal composition vas sandwiched by the 
first and the second substratac as described above. The 
poriphory of the first and the second substrates is fixed with an 
epoxy adhesive- A TAB shaped driving IC and a FCB comprising 
common signal and eleotrlc potential wirings are connected to 
leaos provided on the substrate ^ and a polarizing plat« was 
attached to the outside thereof^ so as to obtain a transmission 
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type alectro-optlcal devict. 

A schematic: dlas^^ni of rhe alectro-optic&I derioe In 
Accordance vitli this ezsbcdimant is sliovn in Figs, a and 0. 7hft 
liquid crystal panel 220 manufactiired in the procesaae dtscribtd 
above vas installed by combining it with a rear part Xigliting 
d«vics 221 comprising three pieces or cold cathode tubes 
arranged th.erecn, «ind waa ^hen connected to a tuner 233 for 
r«c«ivins tolovision radio wave, so as to complete the slsctro- 
optical device. Since the device has a flat shape compared with 
the conveatlonal one cf CRT type, it can be installed on the 
wall, and the like. 

Referring to Fig. 10, the driving peripheral circuit ox the 
oloctro-cptical device In accordance with the present invention 
will be explained: 

A driving circuit 352 Is connected to the wirings 330, 351 
cn the side of an inf orntation . aignal, connected to the matrix 
circuit cf the electre-optical device. The driving circuit 352 
comprises two parts when divided by a driving frequency system, 
i.e^ one is a data latch circuit system 353, which Is the same as 
In the conventionally known driving method, and which primarily 
comprises a basic clcclc CLK signal circuit 355 for transferring 
the signals of a data signal circuit 355 in order, perforjning one 
bit to twelve bits parallel proeesaing. The other is a part in 
aocordanoo with the present invention, and. comprises a clock 357 
corresponding -to the degree of division necessary for gradation 
display, a flip flop circuit 358, and a counter 36C. The counter 
360 forms a bipolar pulse generation tiniing corresponding to the 
gradation display data sent from the data latch system 3S3, 
Further, the gradation display data can be controlled in finer 
way, when a ROM table for oonvertins ^t into sine is used 
between the exit of tne latch circuit and a data line 361/ 

The present invention is charaoterised in that tho clear 
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digital grada^tlon display is poaaloit vlthouw chauijinj ths nrabcr 
» cf frames for re-vritin« th« Borcon. by taking tvo icindc or 
driving f rttquonetaa . Tftft ganeration of fllckarln^ and the lika 
caused the decrease in tbe number of franaa oati b© provantad 
thereby. 

On the other hand, a driving circuit connected to signal 

lines 363, 362 on a scanning sids controls the sine wave 
tra-asmitted from a sina wave oscillating circuit 365 by a flip 
flop circuit 388 of a clock CLS 337, and the select signal is 
applied to the signal lines 3*3, 332. 

By digitally oontrolling tha timing for cutting the sine 
wavd signal on rhe scanning side by the bipolar pulse on the 
information side, gradation display is poeaiblo- 

Whan an analogue gradation display is carried out in a 
normal mode for the electro-cptioal devioo cociprieing, for 
exanpla, 7 38,000 pairs of TFTs of 1920 X 400 dots formed into a 
300mm square, the rariation in characteristics of the TTTs 
becomes ±10X aa a whole, and thus a gradation display having le 
gradation levels is an upper limit, whereas, vhen a digital 
gradation display is carried out in accordance with the present 
invention, it is hardly affected by the variation in 
characteristics cf TFTs, and a gradation display havina 64 
gradation lovals is thus posalTsle for the electro-optical device 
of the sama size, while various and 5'j.btld -expression of 282,144 
kinds of colore ift achiavsd in color- display. 

Preferred Embodiment 2 

The formation of a view finder for a video camera utilizing 
an electrc-optical device having a diagonal of one inch in 
accordance with this seocnd profarrsd ombcdiment 2 will he 
doccribed below. 
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la this embodiment, th© numtjer of pictura slenienta was 387 x 
12S, and tha device vaa formed usins e high mobility T?T obt&lnod 
by a. low to:sporatur« procsst, ao as to form tne view finder. The 
arransjement of the active device on the ai:betratd of tha liquid 
crystal display dovico usad in this ambodlment Is shows in rig« 
13, and the manufacturing process of the TFT part 13 shown in 
Fig* 14 in suoh a way that each corresponds to A-A.' cross section 
and B-3' cross section shown in Fig. 13, deferring to Fig, 14(A), a 
silicon oxide film is manufactured at a thicltness of 1000 to 
3000A as a mocking layer 31 by Mgnetron Rx{high frequency) 
sputtering, on the inexpensive glass substrata 50 that baars h«at 
troatmont of no more than 700 'C, a»£* approximately 600 *C, The 
conditions for the process are; 10C« oxygen atmosphera, formation 
tomparatur© of 15 "C, output of 400 to SOOrfj and pressure was 
C.OPa. The formation rate usin* quarts or single erystallino 
silicon as a targat was 30 to lOOi/min. 

A silicon film was then formed thereon by LPCVD{low pressure 
chemical vapor deposition), sputtering, or by plasma cvd, When 
the low pressure chemical vapor deposition was employed, .film 
formation was carried out by supplying alsiXane (SI^Hq) or 
trisilano (Si^H^) to a CVD device, at a temperature of 450 to 550 
*Cf loo to 200 'C lower than the teniperatura for crystallisation, 
e.g. at 630 'c. Thtt pressure in a reactor was 30 to 300Pa, 
while the film fonaation rate was 50 to 250A/min. Boron may bo 
added to the film using diboran* at a concentration of 1 x 10^^ 
to 1 X lO^^atomS'CTn"^, during the manufacture thereof, in order 
■CO control the threshold voltages (Vth) for PTFX and ntft almost 
of the same* 

In the oaae of the silicon film formation by spurtering, the 
hack pressure before sputtering vas not more than 1 x 10*^Pa, and 
the formation was carried oul: in the atnospherd comprising 20 zo 
scat of hycircgen mixed with argon; e.g. argon 20% and hydrogen 
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SOX, UBlng Bin^le crystalline silicon as a target. Th« formntion 
tomp^ratura v&s 150 *C, and tha frequency off lilgU frequency pover 
applied thereto wes l3.58MHa, sputtering output was iOO to aoow, 
and tho prassure was O.SPa. 

Silicon rilin Tonnation by plascia CVD was carried cut at a 
temperatur© of, tor exampla, 300 *C, using mono-silane CSiH^) or 
disilaneCSi^Hg) • vhicii were introduced in a ?CVD device, and high 
frequency power of 13.68MHz was applied thsre*:©, so as to carry 
out film fcnnation. 

Oxygen in the film formed by theea mothods ic preferably not 
mcro xJxan 5 x lO^^cm-^, If tna oxygen concentration is too high» 
crystallization is hard to cocur, and the temper atxire of thermal 
ar*naaling has to ba eievatea, or else, the time of thermal 
annealing has to be longer. If the concentration ie too low, the 
leakage current in an OFF state is increased due to the back 
lisht. For that reason, the concentration range was defined froa 
4 X 10^^ to 4 X lO^^atoraS'Cm"^. Hydrogen cone enrrat ion was 4 x 
10*^atoms*cnj~^, or one atomX compared to the silicon of 4 x 
iO^^atoaaa^cm'"^. 

Afrar a silicon tllm Is amorphous state vas r;anuf actured at 
a thickness of 500 to SOOOA, e.g. at 1500 A, in the mannar 
described above, aiddl© teit^erature heat treatment was carried 
out In a non-oxidating atmosphere at a teinperature of 4S0 to 700 
'd for 13 to 70 hours, for example, the film was maintained at a 
teinperature of 60O 'C in a hydrogen atmosphere. Since the silicon 
oxide film is amorphous structure is formed on the substrate 
surface under the silicon film, a specific nucleus dees' not exist 
due to the heat treatment, and the entire body is \miformly 
thermal -annealed- Namely > amorphous structure is retained during 
the manufacture of the film, and hydrogen is simply mixed 
therein. 

The silicon film was transformed from the amorphous 
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structure into tho »t*t« of highar order, tliraufili the ^maeatina, 
> with ft part thareof being cryitdlliicd. In pftrtieular, & 
relatirely higher order region of the allicon coated filn tends 
to b« crystallized into a crystalline region by the annealing. 
However, silicon atom are pulled vitli eacb orner since bonds are 
formed between such regions by silicon atoms exicting 
xnerebatween. Laser Ranian S?«ctroccopy results silov a peak 
shifted to tho frequency lower tixan the single crystal silicon 
peas or 522cm"^, The apparsnt grain diaraetar thereof is 
caloulatad 50-500A, hassd on a half band width, seemingly like 
the case of a inicro-'crystalj however, actually, a film in serai- 
amorphous etruoturo was formed including therein high crystalline 
regions constituting a cluster structure, clusters being anchored 
to each other by bonds between silicon atoms • 

AS a result I it can be said that substantially no GB exits 
in the film. Since carriers can easily nore between each cluster 
through the anchored portions, mobility higher than that of 
polycryatalline eilioon in which GB obviously exists, is 
obtained. }«'ain«iy. Hall mobility (uh) of 10 to aoOcm^/Veec , 
electron mobility (jJie) of 15 to aoOcm^/Vsec can be obtained. 

WhBn polycrystallization of the film is carried out by high 
temperature annealing process at 900-1200 *C, instead of the 
above-mentioned middle temperature annealing process, 
segregation or impurities in the film occurs duo to the solid 
growth from nucleus, wheraby impxiritias such as oxygen, carbon, 
nitrogan are increased in the as, and, although the njobility in 
crystal is higher, the movement of carriers is hindered by a 
barrier formed by the GB, Consequently, the mobility no less than 
10 cm^/Ysec cannot be achiered in practice, Frow that reason^ the 
silicon ©©mloonduetor having semi -amorphous or semi-crystalline 
structure is used in this embodiment- 

Referring to Fig. 14(A), a silicon film is photo-etched by a 
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firat pliatQinaa:c P14, and a rsiiion 13 {cbanntl width of aOpa for 
N'TTT waa aazxufaoturad on th« «±d« c£ tiia A-A' cross sectlOG ahowa 
in tho figure, while & region 22 for ?T?T on ths sid« of B-B' 
cross section. 

A silicon oxide film was rorsied thereon at & thickness of 
500 to 2000Af 8,g. at lOOOA, as a ga.ta insulating fitjn. The 
raanufaotura thereof was carried out under the same conditions for 
those applied for ths manufacture of tho silicon oxids tllsn as a 
blocking la7or. A small amount of fluorine naay be added during 
the manufacture thereof, so as to etabiliae sodium ion. 

On the uppor surface tharoof, a silicon filffl doped ^ith 
phosphcrus at 1 tc 5 X IC-^atoras-ciri*^, or a milti- layered film 
comprising this silicon film and molybdenum (Mo), tungsten (tf), 
MoSi^ or WSi2 flim formed thereupon, was formed, whioh was than 
subjected to a patterning process using a aeaond photomask P15, 
and tha structure shown in Fig. 14(3) was thereby obtained. A gat« 
electrode 9 for STFT,' as w^ll as a gate electrode 21 for PTTT 
wero fornjec- in this embodiment, as a gate electrode P-doped Si 
cf 0.21UI1 and molybdenum of CSfci^R thereon v«re formed and channel 
length of tho MTFT was IQiun and channel length cf the PTTT was 
.7yjn* Referring to ?ig. 14(C), boron was ion-doped at a dose of 1 
to 5 X lO^^cm"^, to a source 18 and a drain 20 fcr PTFT. 
Eef erring to rig. 14(D), then, a photoreeiat 61 was form«d using a 
photomask PIS* Phosphorus was ion-doped at a dose of 1 to 3 X 
lO^^djT^, as a source 10 and a drain 12 for NTPT. 

In the case aluminum (Al) is used as a ^ate slectrode 
notorial, after patterning the gate slectrode material by a 
second photomaaii P16, anodio oxidation can be applied to the 
fiurfasa thorecf. In this case, a self-aligning process can be 
employed, whereby the contact hole of a source and drain can be 
fcrmed closer to the gats, and the xrx characteristic can be 
rurther improved thereby, due to the improved mobility as well as 
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me reaucwloa in thr»»hold voltag*, 

Tharma.1 azmvaling proeass vas o£din c«rri«d out at 600 *C| 
tor 10 to SO hours. By activating impurltiai, a aeurce 10, a 
drain 12 of NT7T and a source 18, a drain tO of PTFT wora 
manufactured as P"^ type and K*^ type* Channal forming regions 19 , 
11 are forjned as sami-araorphous semiconductors » under gate 
alsctrodes 21, 9, 

In this way: C/TFT can be manufactured without elevating the 
temperature not less tnan rco *c in every process. 

Therefore I it ie not neoeBfiary to use an expensive material 
such as quartz for the auOstrate, and this is a inost suitable 
process for manufacturing the wid«-5oraen liquid crystal display 
devioe in acoordanca with the present invention. 

The thermal annealing process was carried out twice in this 
embodiment, as shown in Fig. 14 (A), (D) . However, the annealing 
process shown in Jig. 14(A) may be omitted dependent upon the 
desired characteristics, and the jnanutacturing time can be 
shortened by replacing these two annealing processes with only 
one annealing prooess Bhovn in Fig. 14 CD). 

R«f erring t3 rig. 14 (E), a silicon oxide film was formed 
as an interlayer insulating film by sputtering as described 
Eupra. The silicon oxide film can be formed by LPCVD, photo-CVD, 
or tjy atmospheric pressure CVD» The thickness tharaof vas, for 
exaniple, 0,2 to ceiun. Thereafter, an opening SS for electrode 
vas formed using a photomask P17. Alinnintzm was then sputtered on 
the surface of the entire structure, as shown in rig.i4<r), and 
after a lead 71 as vrell as a contact T3 vgia manufactured using a 
photomask PIS, an organic resin 69 for flattening, for example, a 
Translucent polyimide resin was applied to and formed on tna 
surface thereof, and an opening for electrode vas formed again by 
a photomasic PIS. 

An ITO (indiun tin oxldo) was formed by sputtering, so as to 
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tonz rvs tftb in a ccinplemeatary srrueturei and to oonn^ct thM 
output terminal tlxarsof to onm picture elamant electrode of the 
liquid crysral device, as a truaparant eleotrodv- It was than 
etched using a pliotoma<lc P20, and an electroda 17 vas fonued 
tharoby. The ITO was formed at a teaiparature ranging from room 
temperature -o 150 'C and then annealed at 2C0 to 400 'c in oxygen 
cr atmosphere. The electric characteristics of the TFT th«raby 
Dl:T:ained were: mobility of 3Q(oinVvsac) , vth ct -5.9<V) tor PTFT; 
and flcohillty cf >iO (cm^/vsec) , and Vth at 5.0<V) for HTFT. 

In this manner, one Bubetrato for tlio liquid crystal device 
vas manufactured, THe arranseaent of the electrode, eto,, of the 
liquid crystal dieplay devioa is shovn in Fig. 13. NTFT 13 and 
PTFT 22 vara provided on the intersection of a first signal line 

3 and a second signal line 4, whereby the device has a matrix 
form using C/TFT. NTFT 13 is connected to the second signal line 

4 throuah ti:e contact of the input terminal of drain 10, wnile 
a gate S is connected to the signal line 3 fanning a multi- 
layered wiring. The output terminal of a aourco 12 is connected 
to cm electrode 17 of tha picture alement through a contacts 

On the other hand, regarding PTFT 22, the input torroinal of 
£. drain 20 ia connected to tho second signal line 4 through a 
oontact, vhile a gate 21 is connected to the signal lina 3, and 
the output terminal of a source IS, to the picture element 
electrode 17 through a contact, in zhe sanie manner as KTrT. 'This 
ernbodl^ent is formed by repeating such a ctrueturo horizontally 
and vertically. 

An ITO( indium tin oxide) was than formed by sputrsrins on 
the aoda-llrad glaac plate on vnlch a silicon oxide film was 
formed by sputtering at a tiiicknesa of 2OOOA. Tha ITO vas formed 
at a teniperatxire ranging from room temperature to 150 'C, and was 
eubjcctad to the annealing process at 200 to 300 *C in oxygen or 
atmosphere. A color filter layer was then formed thereon in the 
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sajDo m&nner as dttscrlbsd in the Preferred £»tcdim«nt X to obt&in 
* & «8cond 3u&atrat«« 

A polyimid* pracurior was then printed on the substrates by 
an off sot icethodj and vas baked in a non-oxidation atmosphere » 
e.g. in nitrogen, for an houri at a teinperature of 360 'C. It 
vas then subjectaci to a knovn rubbing methoa, so as to change the 
surface condition of rhe polyimlde, and a neens to allov for a 
liquid crystal molecule to be oriont«d in a certain direction at 
least in the initial stag© was provided. 

The nematic liquid crystal coinpoaition wa3 sandviched by the 
first and tne second substrates as described above* after fixing 
the periphery of the first and second substrates by an epoxy 
adhesive. Since the pitch of the leads on the substrate wae as 
fine as 46iini, connection was made by a coa method, in this 
embodiment, a gold buinp provided on an ic chip was connected, by 
an epoxy silver paliaalum, and the IC chip and the substrate were 
buried and fixed by epoxy metamorphic acrylic resin for 
solidification and the seaiina of thgse. A polarising plate vas 
then attached to the outside thereof, and a transmission type 
liquid crystal display device vas obtained. 

The driving waveform, used in this embodiment is shown in 
Fig. 15. In this eiDbodiment, a ramp wave is used a3 shown in 
Pig, 15. Formation Of a ramp wave ia easy and it is easy to 
c'onvert original gradation data into ^t in tne rai-np wave. Fig* 18 
shows a view finder in accordance with this embodiment and a 
vidoo ' camera ui^iliJing the view finder. The video camera 

conprisea the electro-optical device 370 manufactured ia the 
niannor described sxipra and a oold oathodo t^be. 371 having flat 
emission* 

When an analogue gradation display is carried out in a 
normal mode for the electrc-optlcai device comprising, for 
example, 49,1§2 pairs of tfts of 384 x 12a dcts formed into a 
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SOmm squ&re (vhich is obt«.iiiad by dividing a. substrata of 300 tm 
^aquaro into 3d plecas). tha yariatlon in TFTs characterlBtlca is 
±10X &8 a wholo, &nd a gradation display ti&vlng is gradation 
Isvsls is- thus an upper limit, vhereas, when a digital gradation 
display is carried out in acoordonce with tbo prassnt invention, 
it itt latardly affected by tli9 variation in TFTa charaotaristioa , 
ana a gradation display having 123 gradation levels is tHereby 
possiblo, while various and su!:tle expression of 2,097,152 kinds 
o:f colors is acliieved in » color display mod©. 

Profarred SBibodiment 3^ 

In tills enmodlment, a projection type imagd display device 
as shown in Pig* 17 will ba sxplainad. 

In tiiis . smtsodiment i the image projecting part for tne 
projection type image display device was assembled by three 
eloctro-optlcal deyices 201. Each of devices 201 has a 640 x ^SO 
dots, and 507,200 picture elements were manufactured in a 
four-inoh diagonal: the size per one picture element was 127iim 
square • 

As the structure of the projection type ima^e display 
device, tne electro-cptica.1 devious 201 were installed by 
dividing into three elementary colors of red» green, and bluet it 
ccmprises a. red filter 20B, a green filter 203, a blue 
filter 204, a reflecting plate 205, prisza mirrors 206, 207 ^ a 
metal b&lida llgnt source 20a cf 150V, and an optical system 209 
for focusing. 

The substrate of the elsctro-optical device in accordance 
with this ejnbodimsnt was the sa^iia as tnat manufactured in the 
jnannar descrihea In tne Preferred Embodiment a, and ha» a matrix 
circuit of C/W03 structure. The liquid crystal material used in 
this eiabodimant vaa of alsperalon type or polymer diepersion 
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type. 

A »eh#matic tilagram is attown in Fig. id, A mixture 
comprisinfi » fuaaric acid polymer reain and a nomatic liquid 
cryfital at a ratio of 85 :35 olxed in a ccaunon solvent of xylene 
was fonaed on ths s-ubattrate 210 at a thickneaa of iCjzm by a dio- 
caet method. Than, the solvent was remoTed in nitrcfien 
atmosphere at a temperature of 120 *C, for 180 minutes, and a 
liquid crystal dispersion layer 211 vats formed tlierefty. Conduct 
time can snorxened by raducing -zhe pressure slightly lower 
than atmosphere. 

An ITO(inGium zln oxide film) was formed by sputtering, so 
as to obtain a oounter electrode 215, The ITO was forwod at a 
temperature ranging from room temperature to ISO 'C, A 
translucent silicon resin was applied thereon at a thickness cf 
50u!R^ by printing, and was baked for thirty minutes at 100 *C. so 
as to obtain the electro-optical device. 

The driving IC used in this embooiment is shown in Jig. 19. 
The ST:ructure of the information electrode side is the same as 
described in the Preferred Embodiment i. In a driving circuit 400 
connecTied to the wlrlnss 403, 407 on scanning side, the _ramp 
wave transmitted from a ramp wave oeoillating' circuit 405 iS" 
controlled ny flip flop circuits 403, 4C4 of a clock CLK 406, and 
a select signal is added thereto. 

A gradation display is possllsle by diHitally controlling the 
timing for cutting the ramp wave on the side of a scanning line 
by a" bipolar pulse on the side of an information line. 

Tor exai^ple, when a gradation display is performed in a 
normal analogue mode for the elactro-optical device comprising 
307,200 pairs of T?Ts of 8^0 x 480 dots formed in SOOmni square, 
IS gradation levels are an upper limit duo to the variation in 
TFT characteristics Of approximately ±10X, In the case of digital 
gradation display in aooordance with the present invention^ 
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however, oiaeo ir i« nardly affacted by the vAriaticn ia 
eharacterii wlc3 T7T d«vio««, a gradation display harinfi 25fi 
aradation levala io possitili, vnile a rarious and subtlo displ^ 
of a5 many as 10,777,219 kiada of colors is possible* 

The eieatro-optical device can bs applied not only to a 
front type projection television as illustrated in rig. 17, but 
also to a rear type projection television. 

Preferred Enbodiment 4 

In this eabodiment, an aiectrc-optical device tor portable 
ooBiputer vas manufactured using a reflection type liquid crystal 
dispersion display device as shown in Jig. 20, and the explaaaticn 
thereof will be herein made: 

The first substrate used in this embodiment vas the sarae as 
that manufactured in the process in accordance with the Prafarrad 
Embodiment l. A nematio liquid crystal and a fumaric acid polymer 
resin mixed therein 15X of a islacH: pigment at a ratio of 35 : 85 
vera dissolved m a coiranon solvent of xylen©. The solution was 
applied on the substrate SIO, at a thlclcness of iOunt, by a die- 
cast method. 7h© solvent was then removed in nitrogen atmosphere 
ar i20 *C, for iSO minutes, and a liquid crystal dispersion layer 
211 >fas formed thereby, 

AS the black pigment is used therein, blacx color appears at 
the time of light scattering or at the time of application of no 
electric field, while white color is displayed in a transmission 
state or a-;::, the time of application of electric field, whereby a 
fiat display that was difficult for a dispersion type liquid 
crystal display is possible like that cf the letter written on a 
sheet of paper. 

An ITO( indium tin oxide film) was then formed by sputtering, 
so as to obtain a counter electrode 212. The ITO was formed at a 
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te»per«.tur« ranging rrcm rccm zaaperature to ISO 'C. a vhite- 
colored silicon rasin vaa applied thdraon at % thickness of sspn, 
by print irig, and wat balcad for ninaty minutes &t & temperature of 

lOQ 'C, so as to obtain the electro-optical device. 

As a modification of this embodimenx, no ^)laclt plgrnsnt w^t 
contained in the liquid crystal dispersion layor 211. In this 
caa^, the rear surface has to ha m3ua& hlack. In this case, vhite 
color appears at the time of light scattering, whila black color 
is displayed in a trensraiaaion state, A flax display vas passible 
ITjCd that or the letter written on a sheet of paper. 

Preferred Embodiment 5 

In this embodimeat , an electro-opxlcal device provided with 
modified transfer gate TFTs in complementary structure for ona 
pictxir* elojnont was manuf aeturecS by anodic oxidation technique, 
as Shown in Fl£.21. The manufacture 3f the TFTs in accordance 
vith thie embodiment is basically the sams as that in accordance 
with the first preferred erabodinient , and its processes proceed 
alniost in the same jsanner as ehovn in Tig.?, hovaver, since the 
Rnodic oxidation technique was employed as mentioned above, 
rnetallic natsrial was used as a gate electrode material, so as to 
utilize the ancdio oxidation film thereof as a part of an 
insulating film, whereby manufacturing proceas was slightly 
changed, 

Raferrms to Jis.21, PTxT 35 and KTFT 96 are coundoted to a 
common gate wiring 107 at gato x«rminals rhereot, and one of 
source ana drain reelons of the Pirr and one of source end drain 
regions of the NTFT are coiineotad tosothsr and connected to the 
other signal Line 102. The other one of the source and drain 
regions of the NT?! are connected to a coinmon picture element 
electrode 108. 
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Referring to 7i£S. 22(A) to 22(G), a silicca oxide fllni as » 
bloclciajr laytr 96 was sianufacturea on rlie glass aubstrat« 98, at 
a thicknssa of 1000 to 3000A, Tsy magnetron R3r (hign freauency) 
sputtering. Tixe conditions for the process are: 10056 oxygw 
a^I^osphere, film formation teaiperature of io 'C, output of 4C0 to 
SOOW, asd tne pressure of O.SPa. Th« tllm forraation rate >#as 30 
to 100 A/min. using quartz or single crystallina silicon as a 
target. 

A silicon film 07 was formed thsrecn by LPCVD (low pressure 
chomicai vapor daposition) , sputtering, or t?7 plasjna CVD, 

Referring to Fig. 22(A), the silicon rilia vas photo-otchad 
using a first pnotomasls ?21, and a ragion tor FTYT was 
manufactured on the left hand side of t-he figure, as veil as that 
for NTTT on t^e rigiit hand side thereof, 

A silivon oxide film as a gate insulating film 103 vas 
formed thoxaon ar a ^hlck^ess of 500 to 20OOA, e.g. at 100k* The 
manufacture thereof vae carrisd ant under the same conditions 
employed for thsi silicon oKide film 09 as a blocking layer, 

Tho allay of aluiclnujTi and silicon was formed thereon as a 
material for a gate electrode lo?, at a thickness cf SOOOA to 
l.Siim, e.g. at lum, by a known sputtering nathod. 

As the jnaterial for the gate electrode beside aluminura 
silicide, molybdenum (Mc)* tungsten (W) , titan (XI), tantalum 
(Ta). chromiim (Cr) , or an alloy of these material or an alloy of 
silicon and thos« material, or a multi-layorod film comprising a 
silicon layer and a layer of those ^ftetal can be used. 

Further, a silicon oxide film was formed a3 an insulating 
film 106. at a thickness cf 3000A to l^im, or at SOOOA in this 
embodiment, by sputtaring^ on the gate electrode material. Then, 
the insulating film los and tho gare electrode 107 vere 
subjected ^o a patterning process using a second photomask P22, 
and thfi> gat© eiec-^rode 107 aa well as the insulating film iOS 
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were formed as shown In Fig. 22(B). 

The substrate was then dipped in *n AGW electrolytic 
solution in vhiob propylene glycol was addsd to a Z% of tartario 
aciC solution at a ratio of 9:1, whil« tho gats electrode of 
aluminum ailicade was connoetad to tna anode of a power source, 
and dc power was applied thereto with platinum used aa a cathode, 
Sftch of the gats eloctrodss was eonnanted to corresponding gate 
wiring and all the gs-te wirings are connected by a terminal In 
whe vicinity of an end part of the substrate and an anodic 
oxidation film ICC was foraied in the vicinity of the side surface 
or the gate electrode by anodio oxidation, as anown In rig, 23(C)* 

As the solution used for the anodic oxidation, typically, a 
strong acid solution such as sulfuric acid, nitric acid, 
pboaphcric acid, or a mixed acid such as tartaric acid or citric 
SLcld mixed with ethylene glycol or, propylene glycol, can be used. 
Salt or alkali solutica may bs mixed thereto* in order to adjust 
pH or The soluLloxi. wUdi required. 

The anodic oxidation was carried out as follows; after 
currant was run SkZ the current density of 2,5mA/cm^ in a constant 
cu-i-A-cnt mode, for tliirty minutes, then fivp minutes of process in 
a constant voltage mode followed, so as to form an aluminum oxide 
film of 2200A in the vicinity of the side surface of the gate 
electrode, Vhon tho insulating cnaracteristlc of tiie a^umin^u^ 
oxide was measured uaing a eaiaple manufactured under the same 
conditions ainployed for this oxidation process, resistivity was 
10® ohm^meter, and dielectric strength was 2 x lO^v/cm. 

The observation of the surface of the sample by a scanning 
electron microscope revealed unevenneas on the surface in an 
approximately 8000 magnifying power mode, nowever, no fine hole 
v« observed, vnicn means the evidence of a good insulating film. 

After an insulating film 103 cn tfta semiconductor was 
roncvsd by e toning as shown in rig*22(I>), boron was ion- implanted 
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at a dose of 1 to 5 x lO^^ca*^ as *a Jjnpurity Tor ?TTT, on thm 
entirs surface of substrate. T2ie doping was carried out at a 

concftatratlon of approximately 10^^ atoms •cm"^, so as to fona a 
source, drain ragion of PTJT. in tills embodiment, ion doping vaa 
carried out arter the insulating f ilzn on the surface was rsmoved, 
hovcver, if tliQ conditions for ion- implantation are changed, 
doping is possible through the insulating film 103 on the 
sejniconductor film, 

A photoresist llO vas forined using a third photomask P23 as 
shown in Fig, 23(E), and afcer a PTJT region was covered 
thorawith, phospnarus was ion- Implanted at a dose of 1 to 5 x 
lO^^cm"^! to the source and drain region xor NTFT, so as to 
obtain a dope concentration of approximately lO^^atons • om"*^. In 
the Icn doping process as described abovdj the ion- implanting 
direction vas set oblique to the substrate, in order to allow for 
the impurity to penetrate into a portion of the seniiconductor 
under the anodic oxidation film In the vicinity of the gate 
electrode, so as to malce the end of the source and drain regions 
104 > 105 alaiost identical vitb tbe end or the gate electrode* 
Sufficient insuiatlns fxincticn is thereby expected for an anodic 
oxidation film 100 to an eiactroda wiring to be formed in a 
following process J and it is thus not necessary to form another 
InsuiaLlng film. 

Activation process v&s carried out by irradiating a laser 
bean to the source and drain regions, ^ Since the activation 
process vas carried out instantaneously, at the ti^.e, it is not 
necessary to consider the diffusion of the metallic material used 
for the gate ©l^ctroda, and. TFT Of high reliability was 
manufactured. 

AlU5iinujn was formed on the entire surface thereof by 
sputtoring, and after an electrode lead lOH was obtainQd by 
patterning "using a fourth maslc ?24, the samiconductor which does 
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no^ cvarlap vitli an eiectrodo 102, aa inaulAtiss ^ilm 106 ca th« 
iate «lectrode X07, and tha Jjaodic oxidAtian film 100 in thm 
vicinity of r.nm aide surface of thts rate «lectrode 107 was ©tohod 
off, and a complete davica separation was carried out SO as to 
oomplot« TTT, in this manufacturing method, coniple^sntary TPTs 
were manufactured using four pieces cf masks, vhicli is shown In 
Fig,22(r). 

Referring tc rig.S2(G), to achievs co.uplsmentary TFTs^ and 
to connoot th« output terminal thereof to one pictiire eleaeat 
electrode of the liquid crystal device as a transparent 
eleotrods, an ITO (indium tin orida film) was formed by 
sputtering, and was etched using a fifth photomask <D bo as to 
forro a picture olsment electrode 108, 

In this way» nsodified transfer gate TFTs having arrangement 
and structure as shown in Fig* 21(A), (B), (C), were completed* 
yig. 21(B) is a cross sectional ricy< corresponding to a F-F' cross 
section shown in Fig»31{A), while Fig. 21(C) is a cross sectional 
view corresponding to an E-E* cross section shown in Fig.SKA). 
AS clearly shovn in Fig. 21(B), iO) , the int«rlayor insulating 
filin lOS invariably exists on the gate electrode 107, and. it 
woriss sufficiently as on interlayor insulating means at an 
intersection of the lead part of a sats wiring 107 and that of a 
source or drain wiring 102, whereby the generation of wiring 
capacity at the intersection was ahle tc be suppressed, 

in this emhcdljjient , complententary TFTs having structure in 
which the capacity in the vicinity - of wirings is less, and the 
fear of short-circuit In the vicinity of the gate insulating film 
is less could be formed using masks fewer . rhan those used in the 
first preferred einbodlinent , without employing a higher-grada 
process technique such as an anisotropic etching to provide an 
active element substrate. 

The substrate formed in the sianner described above was used 
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AS i flrsr sulJBurato and & second mubatrate (oountar sub^trat*) 
was formed by foraing a counter alectrode on a substrata and 
furthar forming an orientation control film thareon. The first 
and second substrates were joined with eacH other and an STN type 
liquid crystal was injected batw«en the first and caoond 
substrata by a known technique. An active natrix type STN liquid 
crystal electro-optical dsTice was then completed. 

The applications to the olactro-opiical davice were 
docoribed in the aDova examples, however, the present invention 
is not liraited thereto and the application to othsr devices cr to 
a thraa-dimonaional integrated circuit device, and so on, is also 
possible. 

The manufacture or xrx device was possible in thia 
embodiment, using aiasks much fewer than those u5«d in the 
conventional mothod, 3y applying tue device of this structure to 
the manufacture of a semiconductor appliance, as the n'^.bor of 
mask was reduced, a zaanuf aeturing process was sispilfied and a 
prnductlon yield was improvedx whereby a semioonduc tor 
application device was cfforad at a mora inexpensive 
manufacturing cost • 

In this embodiisent , the anodic oxidatio.n film was formed on. 
the surface of the metal gate electrode by the anodic oxidation 
and a tliree-dimensional wiring haying a grade separation vas 
provided thereon which was used for a gate electrode material, 
and wnich was provided on the surface tfcsrsof . Alco, by exposing 
the contact part alone or a source and drain from the gate 
electrode and the anodic oxidation film, a feeding point is mad« 
closer to the channel and thereby the deterioration in the 
frequency characteristic of the device, and the increase in ON 
resistance were prevented* 

In the case aluminum was used as a gate electrode material, 
as in this embodiment, H2 in the gate oxidation film was reduced 
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icto H by the catalytic erfact or aluainum. at ths time of 
annealins process during devloe formation, and an. Interracial 
level deaaity (Qgj) raduead mucH compared vith the caaa a 

sillccn eate was used instead, and a davicc eharactarlstic was 

thereby improved. 

Since source and drain regions of T?T vara aalf-aligned, and 
the contact part of the electrode fed to the source and drain 
regions was also positioned in a self-aligning jnanner, the area, 
of the device required for T?T vas reduced, and tha circuit 
integration vas improved thereby. When TPT vas used as an active 
device of the electro-optical device, the aperture ratio of 
liquid crystal panel was Increaaea. 

The anodic oxidation film in the vicinity of the side 
surfaoo of the gate electrode vas positively used, and TFT of 
characterized structure was offered thereby, and the manufacture 
of TFT could be carried out usins the fewest possible masks of at 

least two pieces. 

The foregoing description or preferred embodiments has been 
presented for purposes of illustraticn and description. It is 
not intended ro be exhaustive or to linlt the invention to _ the 
precis a form descrltoed. and obviously many modif icatione and 
variations' ere possible in light of the a>)ova teaching. The 
embodiments wore chosen in order to explain most clearly the 
principles of the invention and its practical application thereby 
to enable others in the art to utilize most effectively the 
invention in various embodiments and with various n:odirications 
as are suited to the particular use contemplated. Examples of 
such nodifl cations are as follows. 

The present invention can be applied to an electro-optical 
device having a circuit shovn in PigiSS, The circuit is the same 
as that shown in Jig. 4 except that a capacitor Is provided on the 
substrate and connected to each pixel in parallel with the liquid 
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crystal or t&e correspondlnc pl3c«l as shown la ric*23^ 

A Mmatio liquid crystal » a cholasterio liquid crystal » a 
ferroolacxrlc llauid crystal or as aati-ferroelvctric liquid 
crystal can ba used for a liquid cryatal layer providsd bdtvaen a 
pair of substrates in an electro-optioal davice of the presaut 
luveatlgn. 



WHAT IS CLAIMED IS : 

1. A device having at least one liquid crystal panel, said liquid 
crystal panel comprising: 

a first substrate having an insulating surface; 
5 a second substrate being opposed to the first substrate; 

at least one thin film transistor being formed over the first 
substrate, said thin film transistor including at least a channel region, source 
and drain regions with said channel region therebetween, a gate insulating 
film adjacent to said channel region and a gate electrode adjacent to said 
10 channel region with said gate insulating film interposed therebetween; 

wherein the channel region, the source and drain region of 
said one thin film transistor is formed in a crystalline semiconductor island; 

an organic resin film formed over said first substrate to 
provide a leveled upper surface over said first substrate, said organic resin 
15 film covering said thin film transistor; 

a pixel electrode formed on said leveled upper surface, said 
pixel electrode being electrically connected to said thin film transistor 
through an opening formed in said organic resin film; 

a liquid crystal material having ferroelectricity or anti- 
20 ferroelectricity and being formed between the first substrate and the second 
substrate. 

2. A device according to claim 1, wherein said organic resin film 
comprises polyimide. 
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3. A device according to claim 1, wherein said pixel electrode 
is transparent. 

4. A device according to claim 1, wherein said thin film 
transistor is a top-gate type in which said gate electrode is located above 

5 said channel region. 

5. A device having at least one liquid crystal panel, said liquid 
crystal panel comprising: 

a first substrate having an insulating surface; 
a second substrate being opposed to the first substrate; 
10 at least one thin film transistor being formed over the first 

substrate, said thin film transistor including at least a channel region, source 
and drain regions with said channel region therebetween, a gate insulating 
film adjacent to said channel region and a gate electrode adjacent to said 
channel region with said gate insulating film interposed therebetween; 
15 wherein the channel region, the source and drain region of 

said one thin film transistor is formed in a crystalline semiconductor island; 

an organic resin film formed over said first substrate to 
provide a leveled upper surface over said first substrate, said organic resin 
film covering said thin film transistor; 
20 a pixel electrode formed on said leveled upper surface, said 

pixel electrode being electrically connected to said thin film transistor 
through an opening formed in said organic resin film; 

a liquid crystal material having ferroelectricity or anti- 
ferroelectricity and being formed between the first substrate and the second 
25 substrate, 
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wherein said channel region comprises crystal silicon and 
exhibits a peak of Raman spectra displaced from 522 cm-1 to the low 
frequency direction. 

6. A device according to claim 5, wherein said organic resin film 
5 comprises polyimide. 

7. A device according to claim 5, wherein said pixel electrode 
is transparent. 

8. A device according to claim 5, wherein said thin film 
transistor is a top-gate type in which said gate electrode is located above 

10 said channel region. 

9. A device having at least one liquid crystal panel, said liquid 
crystal panel comprising: 

a first substrate having an insulating surface; 
a second substrate being opposed to the first substrate; 
1 5 at least one thin film transistor being formed over the first 

substrate, said thin film transistor including at least a channel region, source 
and drain regions with said channel region therebetween, a gate insulating 
film adjacent to said channel region and a gate electrode adjacent to said 
channel region with said gate insulating film interposed therebetween; 
20 wherein the channel region, the source and drain region of 

said one thin film transistor is formed in a crystalline semiconductor island; 

an organic resin film formed over said first substrate to 
provide a leveled upper surface over said first substrate, said organic resin 
film covering said thin film transistor; 
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a pixel electrode formed on said leveled upper surface, said 
pixel electrode being electrically connected to said thin film transistor 
through an opening formed in said organic resin film; 

a liquid crystal material having ferroelectricity or anti- 
5 ferroelectricity and being formed between the first substrate and the second 
substrate; 

a leveling film being formed over said second substrate; 
an opposed electrode formed over said leveling film and 
opposed to said pixel electrode with said liquid crystal material interposed 
10 therebetween. 

10. A device according to claim 9, wherein said organic resin film 
comprises polyimide. 

11. A device according to claim 9, wherein said pixel electrode 
is transparent. 

15 12. A device according to claim 9, wherein said thin film 

transistor is a top-gate type in which said gate electrode is located above 
said channel region, 

13. A television comprising: 

a tuner for receiving television radio wave; 
20 a liquid crystal panel operationally connected to said tuner, 

said liquid crystal panel comprising: 

a first substrate having an insulating surface; 

a second substrate being opposed to the first substrate; 
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at least one thin film transistor being formed over the 
first substrate, said thin film transistor including at least a channel region, 
source and drain regions with said channel region therebetween, a gate 
insulating film adjacent to said channel region and a gate electrode adjacent 
5 to said channel region with said gate insulating film interposed 
therebetween; 

wherein the channel region, the source and drain region 
of said one thin film transistor is formed in a crystalline semiconductor 
island; 

10 an organic resin film formed over said first substrate 

to provide a leveled upper surface over said first substrate, said organic 
resin film covering said thin film transistor; 

a pixel electrode formed on said leveled upper surface, 
said pixel electrode being electrically connected to said thin film transistor 
15 through an opening formed in said organic resin film; 

a liquid crystal material having ferroelectricity or anti- 
ferroelectricity and being formed between the first substrate and the second 
substrate. 

14. A television according to claim 13, wherein said organic resin 
20 film comprises polyimide. 

15. A television according to claim 13, wherein said pixel 
electrode is transparent. 

16. A television according to claim 13, wherein said thin film 
transistor is a top-gate type in which said gate electrode is located above 

25 said channel region. 
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17. A television comprising: 

a tuner for receiving television radio wave; 
a liquid crystal panel operationally connected to said tuner, 
said liquid crystal panel comprising: 
5 a first substrate having an insulating surface; 

a second substrate being opposed to the first substrate; 
at least one thin film transistor being formed over the 
first substrate, said thin film transistor including at least a channel region, 
source and drain regions with said channel region therebetween, a gate 
10 insulating film adjacent to said channel region and a gate electrode adjacent 
to said channel region with said gate insulating film interposed 
therebetween; 

wherein the channel region, the source and drain region 
of said one thin film transistor is formed in a crystalline semiconductor 
15 island; 

an organic resin film formed over said first substrate 
to provide a leveled upper surface over said first substrate, said organic 
resin film covering said thin film transistor; 

a pixel electrode formed on said leveled upper surface, 
20 said pixel electrode being electrically connected to said thin film transistor 
through an opening formed in said organic resin film; 

a liquid crystal material having ferroelectricity or anti- 
ferroelectricity and being formed between the first substrate and the second 
substrate, 

25 wherein said channel region comprises crystal silicon and 

exhibits a peak of Raman spectra displaced fi^om 522 cm-1 to the low 
fi-equency direction. 
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18. A television according to claim 17, wherein said organic resin 
film comprises polyimide. 

19. A television according to claim 17, wherein said pixel 
electrode is transparent. 

5 20. A television according to claim 17, wherein said thin film 

transistor is a top-gate type in which said gate electrode is located above 
said channel region. 

21. A television comprising: 

a tuner for receiving television radio wave; 
10 a liquid crystal panel operationally connected to said tuner, 

said liquid crystal panel comprising: 

a first substrate having an insulating surface; 
a second substrate being opposed to the first substrate; 
at least one thin film transistor being formed over the 
15 first substrate, said thin film transistor including at least a channel region, 
source and drain regions with said channel region therebetween, a gate 
insulating film adjacent to said channel region and a gate electrode adjacent 
to said channel region with said gate insulating film interposed 
therebetween; 

20 wherein the channel region, the source and drain region 

of said one thin film transistor is formed in a crystalline semiconductor 
island; 

an organic resin film formed over said first substrate 
to provide a leveled upper surface over said first substrate, said organic 
25 resin film covering said thin film transistor; 
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a pixel electrode formed on said leveled upper surface, 
said pixel electrode being electrically connected to said thin film transistor 
through an opening formed in said organic resin film; 

a liquid crystal material having ferroelectricity or anti- 
5 ferroelectricity and being formed between the first substrate and the second 
substrate; 

a leveling film being formed over said second substrate; 
an opposed electrode formed over said leveling film 
and opposed to said pixel electrode with said liquid crystal material 
10 interposed therebetween. 

22. A television according to claim 2 1 , wherein said organic resin 
film comprises polyimide. 

23. A television according to claim 21, wherein said pixel 
electrode is transparent. 

15 24. A television according to claim 21, wherein said thin film 

transistor is a top-gate type in which said gate electrode is located above 
said channel region. 

25. A portable computer having a liquid crystal panel, said Kquid 
crystal panel comprising: 
^0 a first substrate having an insulating surface; 

a second substrate being opposed to the first substrate; 
at least one thin film transistor being formed over the first 
substrate, said thin film transistor including at least a channel region, source 
and drain regions with said channel region therebetween, a gate insulating 
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film adjacent to said channel region and a gate electrode adjacent to said 
channel region with said gate insulating film interposed therebetween; 

wherein the channel region, the source and drain region of 
said one thin film transistor is formed in a crystalline semiconductor island; 

an organic resin film formed over said first substrate to 
provide a leveled upper surface over said first substrate, said organic resin 
film covering said thin film transistor; 

a pixel electrode formed on said leveled upper surface, said 
pixel electrode being electrically connected to said thin film transistor 
through an opening formed in said organic resin film; 

a liquid crystal material having ferroelectricity or anti- 
ferroelectricity and being formed between the first substrate and the second 
substrate, 

26. A portable computer according to claim 25, wherein said 
organic resin film comprises polyimide. 

27. A portable computer according to claim 25, wherein said pixel 
electrode is transparent. 

28. A portable computer according to claim 25, wherein said thin 
film transistor is a top-gate type in which said gate electrode is located 
above said channel region. 

29. A portable computer having a liquid crystal panel, said liquid 
crystal panel comprising: 

a first substrate having an insulating surface; 

a second substrate being opposed to the first substrate; 
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at least one thin film transistor being formed over the first 
substrate, said thin film transistor including at least a channel region, source 
and drain regions with said channel region therebetween, a gate insulating 
film adjacent to said channel region and a gate electrode adjacent to said 
5 channel region with said gate insulating film interposed therebetween; 

wherein the channel region, the source and drain region of 
said one thin film transistor is formed in a crystalline semiconductor island; 

an organic resin film formed over said first substrate to 
provide a leveled upper surface over said first substrate, said organic resin 
10 film covering said thin film transistor; 

a pixel electrode formed on said leveled upper surface, said 
pixel electrode being electrically connected to said thin film transistor 
through an opening formed in said organic resin film; 

a liquid crystal material having ferroelectricity or anti- 
15 ferroelectricity and being formed between the first substrate and the second 
substrate, 

wherein said channel region comprises crystal silicon and 
exhibits a peak of Raman spectra displaced from 522 cm-1 to the low 
fi*equency direction. 

20 30. A portable computer according to claim 29, wherein said 

organic resin film comprises polyimide. 

31. A portable computer according to claim 29, wherein said pixel 
electrode is transparent. 



46 



32. A portable computer according to claim 29, wherein said thin 
film transistor is a top-gate type in which said gate electrode is located 
above said channel region. 



33. A portable computer having a liquid crystal panel, said liquid 
5 crystal panel comprising: 

a first substrate having an insulating surface; 
a second substrate being opposed to the first substrate; 
at least one thin film transistor being formed over the first 
substrate, said thin film transistor including at least a channel region, source 
10 and drain regions with said channel region therebetween, a gate insulating 
film adjacent to said channel region and a gate electrode adjacent to said 
channel region with said gate insulating film interposed therebetween; 

wherein the channel region, the source and drain region of 
said one thin film transistor is formed in a crystalline semiconductor island; 
15 an organic resin film formed over said first substrate to 

provide a leveled upper surface over said first substrate, said organic resin 
film covering said thin film transistor; 

a pixel electrode formed on said leveled upper surface, said 
pixel electrode being electrically connected to said thin film transistor 
20 through an opening formed in said organic resin film; 

a liquid crystal material having ferroelectricity or anti- 
ferroelectricity and being formed between the first substrate and the second 
substrate; 

a leveling film being formed over said second substrate; 
25 an opposed electrode formed over said leveling film and 

opposed to said pixel electrode with said liquid crystal material interposed 
therebetween. 
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34. A portable computer according to claim 33, wherein said 
organic resin film comprises polyimide. 

35. A portable computer according to claim 33, wherein said pixel 
electrode is transparent. 

5 36. A portable computer according to claim 33, wherein said thin 

film transistor is a top-gate type in which said gate electrode is located 
above said channel region. 

37. A projector comprising: 
a light source; 

10 at least one liquid crystal panel to modify the light from said 

light source; 

at least one lens for projecting the light modified by said one 
liquid crystal panel onto a screen, wherein said liquid crystal panel 
comprises: 

15 a first substrate having an insulating surface; 

a second substrate being opposed to the first substrate; 
at least one thin film transistor being formed over the 
first substrate, said thin film transistor including at least a channel region, 
source and drain regions with said channel region therebetween, a gate 
20 insulating film adjacent to said channel region and a gate electrode adjacent 
to said channel region with said gate insulating film interposed 
therebetween; 

wherein the channel region, the source and drain region 
of said one thin film transistor is formed in a crystalline semiconductor 
25 island; 
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an organic resin film formed over said first substrate 
to provide a leveled upper surface over said first substrate, said organic 
resin film covering said thin film transistor; 

a pixel electrode formed on said leveled upper surface, 
5 said pixel electrode being electrically connected to said thin film transistor 
through an opening formed in said organic resin film; 

a liquid crystal material having ferroelectricity or anti- 
ferroelectricity and being formed between the first substrate and the second 
substrate. 

10 38. A projector according to claim 37, wherein said organic resin 

film comprises polyimide. 

39. A projector according to claim 37, wherein said pixel 
electrode is transparent. 

40. A projector according to claim 37, wherein said thin film 
15 transistor is a top-gate type in which said gate electrode is located above 

said channel region. 

41. A projector comprising: 
a light source; 

at least one liquid crystal panel to modify the light fi"om said 

20 light source; 

at least one lens for projecting the light modified by said one 
liquid crystal panel onto a screen, wherein said liquid crystal panel 
comprises: 

a first substrate having an insulating surface; 
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a second substrate being opposed to the first substrate; 

at least one thin film transistor being formed over the 
first substrate, said thin film transistor including at least a channel region, 
source and drain regions with said channel region therebetween, a gate 
5 insulating film adjacent to said channel region and a gate electrode adjacent 
to said channel region with said gate insulating film interposed 
therebetween; 

wherein the channel region, the source and drain region 
of said one thin film transistor is formed in a crystalline semiconductor 
10 island; 

an organic resin film formed over said first substrate 
to provide a leveled upper surface over said first substrate, said organic 
resin film covering said thin film transistor; 

a pixel electrode formed on said leveled upper surface, 
15 said pixel electrode being electrically connected to said thin film transistor 
through an opening formed in said organic resin film; 

a liquid crystal material having ferroelectricity or anti- 
ferroelectricity and being formed between the first substrate and the second 
substrate, 

20 wherein said chaimel region comprises crystal silicon and 

exhibits a peak of Raman spectra displaced from 522 cm-1 to the low 
frequency direction. 

42. A projector according to claim 41, wherein said organic resin 
film comprises polyimide. 

25 43. A projector according to claim 41, wherein said pixel 

electrode is transparent. 
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44. A projector according to claim 41, wherein said thin film 
transistor is a top-gate type in which said gate electrode is located above 
said channel region. 

45. A projector comprising: 
a light source; 

at least one liquid crystal panel to modify the light from said 

light source; 

at least one lens for projecting the light modified by said one 
liquid crystal panel onto a screen, wherein said liquid crystal panel 
comprises: 

a first substrate having an insulating surface; 

a second substrate being opposed to the first substrate; 

at least one thin film transistor being formed over the 
first substrate, said thin film transistor including at least a channel region, 
source and drain regions with said channel region therebetween, a gate 
insulating film adjacent to said channel region and a gate electrode adjacent 
to said channel region with said gate insulating film interposed 
therebetween; 

wherein the channel region, the source and drain region 
of said one thin film transistor is formed in a crystalline semiconductor 
island; 

an organic resin film formed over said first substrate 
to provide a leveled upper surface over said first substrate, said organic 
resin film covering said thin film transistor; 

a pixel electrode formed on said leveled upper surface, 
said pixel electrode being electrically connected to said thin film transistor 
through an opening formed in said organic resin film; 
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a liquid crystal material having ferroelectricity or anti- 
ferroelectricity and being formed between the first substrate and the second 
substrate; 

a leveling film being formed over said second substrate; 

an opposed electrode formed over said leveling film 
and opposed to said pixel electrode wilh said liquid crystal material 
interposed therebetween. 

46. A projector according to claim 45, wherein said organic resin 
film comprises polyimide. 

47. A projector according to claim 45, wherein said pixel 
electrode is transparent. 

48. A projector according to claim 45, wherein said thin film 
transistor is a top-gate type in which said gate electrode is located above 
said channel region. 
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^TtyritAgT or twt; nTSCLOSUTtS 

A novQl structure of an active •lootro-optical dayloe is 
disclosed. Th« device is providad with coaplaaentary thin liln 
inaulAt«d gate field affact transistors (TTTs) thtreln wlilCH 
ecnprise a P-TTT and an N-TTT. P-TFT and N-T7T are connected to a 
oomraon signal line ^ tHe gate eleotrodea thoroof, whil» tie 
source (or drain) eleotrodoa thereof are connacted to a common 
signel line as well as to one of the picture element electrodes. 

m case of driving the active eleetro-optical davlce, a 
gradation display can be carried out in a driving aethod having a 
display tiaing dstermined in relation to a time T for writing one 
screen and a time <t) for writing in one picture element, by 
applying a refaranee signal in a cycle of the tine Ct), to the 
signal line used for a certain picture element driving selection, 
and by applying the select signal to the other signal line at a 
certain timing within the time (t), and wherahy setting the value 
of the voltage to be applied to a liquid crystal. 
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